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157] ABSTRACT

A composition, having good weatherability properties,
comprising
a) one or more compounds of formula I

(0) O O—R
T ‘ i
R~—-QO—P P

in which

mis 1;

nisorl;

pis (;

each R or R!independently, is a group derived from
an aliphatic, alicyclic or aromatic alcohol contain-
ing one or two OH groups; whereby the two —OH
groups are not positioned to be able to form a P-
containing ring;

or both groups R form a group derived from an ali-
phatic, alicyclic or aromatic alcohol containing
two OH groups in such a position that they can
form a cyclic group with a single phosphorus atom;

Y is —O—, —S—, —CH(R5)— or —Cg¢Hs—;

where R is hydrogen or C;.galkyl or COORgand Re
is Cj-galkyl; and

b) a polymeric material.

1)

10 Claims, No Drawings
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1
STABILIZED POLYMERIC COMPOSITIONS

The 1mvention relates to new additive compositions
for polymeric materials, which surprisingly improve the
polymer degradation during weathering.

According to the invention there is provided a com-
position, having good weatherability properties, com-
prising

a) one or more compounds of formula I (hereinafter

defined as component a)
nis0ori:

O—R;
Il/
O—Rl
pisOor 1;

each R, independently, is a group derived from an
aliphatic, alicyclic or aromatic alcohol containing
one or two OH groups; whereby the two —OH
groups are not positioned to be able to form a P-
containing ring; (hereinafter defined as the mono-
valent significances of R);

or both groups R form a group derived from an ali-
phatic, alicyclic or aromatic alcohol containing
two OH groups in such a position that they can
form a cyclic group with a single phosphorus atom
(hereinafter defined as the divalent significances of

R);

each R independently is a group derived from an
aliphatic, alicyclic or aromatic alcohol containing one
or two OH groups; whereby the two —OH groups are
not positioned to be able to form a P-containing ring
(hereinafter defined as the monovalent significances of
R1);

or both groups R; form a group derived from an

aliphatic, alicyclic or aromatic ailcohol containing
two OH groups in such a position that they can
form a cyclic group with a single phosphorus atom
(hereinafter defined as the dlvalent significances of
Ri);

Y 18 —O0—, —S—, —CH(R5)— or —CgHs—;

where Rs1s hydrogen or Cj.galkyl or COORgand Rs

is Ci.galkyl; and

b) a polymeric material (hereinafter defined as com-

ponent b).

The foregoing definitions of R and R are intended to
include each R and R, independently, being an ali-
phatic, alicyclic or aromatic group containing up to one
OH group, provided that said OH group and the —O—
attached to the same R or R are not positioned so as to
be able to form, together with the same phosphorus
atom, an —O—P—QO— group (monovalent signifi-
cances of R and R 1) and both groups R together and/or,
separately, both groups R; together forming an ali-
phatic, alicyclic or aromatic group to which the two
—QO— groups are attached in such positions that they
can form, together with the same phosphorus atom, an
—QO—P—0O— group (divalent significances of R and
Rji).

Preferably, in a composition according to the inven-
tion, the amount of component a present 1s 0.001 to 2%

(1)
(0)p

in which
mis 0 or 1;
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2

and the amount of component b present is 99.999-989%
based on the combined weight of component a and
component b.

Compositions according to the invention may addi-
tionally contain one or more of the following compo-
nents:

c) a compound of formula Il (herein after defined as

component C)

O—R3 (II)

/
(HO)na-R3=—-0O— P(\= O)n

O—R;

in which
nis 0 or 1;
na is O or 1.
R3 has a monovalent significance of R;: and
d) a compound of formula IV or V (hereinafter de-
fined as component d)

R7(OH) (IV)

Rg(OH)» (V)
in which, in formula IV, R7is 2 monovalent signifi-
cance of R and Rgis a divalent significance of R;
and

¢) a phosphonite of formula X (hereinafter defined as
component ¢€)

in which R, R1, Y and n are as defined above.

Preferably the combined amount of components a),
C), d) and e) based on 100 parts of component b) 1s 0.001
to 2 parts.

Preferably the ratio of the amounts of components a)
c) d) and e) are as follows:

a) 10 to 98 parts of component a);

b) 2 to 50 parts of component ),

c) O to 40 parts of the phosphite of formula II and the
phosphate of formula II (together component c¢);
preferably 1n an approximate ratio of 5:1 to 1:5; and

d) 0.1 to 5 parts of component d), preferably based on
100 total parts by weight of components a), c), d)
and e).

A most preferred composition according to the in-

vention comprises

a) 45 to 95 parts of component a) as defined above;

b) 4.5 to 35 parts of component e) as defined above;

c) 0 to 20 parts of component ¢) as defined above; and

d) 0.5 to 2 parts of component d) as defined above;

preferably based on 100 parts by weight of compo-
nents a, ¢, d and e.

Preferably R is R’ where R’ is an alkyl, aralkyl, aryl,
alkaryl aminoalkyl or aminoaryl group (hereinafter
referred to as the monovalent significances of R’); or
both groups R’ together form a group of formula

(X)
O""R]

0—R1
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(o)

'In
s

where phenyl groups A and B may be further substi-
tuted and Y' 18 —O—, —S— or —CH(R5)— where R5 10
1s hydrogen or Ci.galkyl or COORg¢ where Rgis Cj-gal-
kyl (hereinafter defined as the divalent significances of
R').

More preferably R is R” where R” is selected from
Ci.22alkyl; phenyl, unsubstituted or substituted by 1to 3 15
groups selected from Cji.salkyl, Cji.azalkoxy, —CH-
»—Ce¢Hs; —CsHs, 2,2,6,6-tetramethylpiperidinyl-4-,
—C(CH3),—CgHs, —OH (maximum of one ), -(Cj.alk-
yDphenyl, —CO7-Cj.22alkyl, —CH>CH,—COORjs,
CN or —CH>—S-Cj.2alkyl; or R"” is a group of any 20
one of formulae 1 to vii

Illl'? Rig @
t.butyl (1)
30
CH; OH
CH |
t.butyl
CHj3 35
t.butyl
CH;3
CH, OH
40
t.butyl

(1)

45

50

-)55

(v

C
|
O

(R24)2;

65
NH—C—C—NH

]
O O

-continued
CH; CHj (vi)
NH—?'I‘,‘-*(IZI.‘.—NH N—Rjg or
Roa O O
CH; CHj

(vii)

or both groups R" together form a group of formula viii

(viii)

Ris Ris

where Ris5i1s hydrogen or Ci.pzalkyl:

Y’ is O, —S— or —CH(R5)—;

R61s hydrogen, Ci.galkyl or —COCi.galkyl;

R171s hydrogen or Ci.p2alkyl; and |

Ri1s is hydrogen, Cj.psalkyl, Ci.pralkoxy, —CH-
—CeHs, —C(CH3)2—CeHs, —Cg¢Hs, —OH,
—CH>CH2;COOR 15, -(Ci.6alkyl)phenyl, —CO;-
Ci.pzalkyl, —CN, —CH,CH>—COOR 5, —CH-
2—S-Ci.22alkyl or 2,2,6,6-tetramethylpiperidinyl-4
: and |

R4 1s hydrogen, Cj.22alkyl, OH or Cj.22alkoxy.

Most preferably R is R"’ where R’ is selected from

a group of any one of formulae a) to g)

(a)

RlZ\@RII
R10

(b)
@ C(CH3)3
CHyCH»COOR 13
; ()
ﬁ Ri3
O
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S

-continued

(d)

()

(f)

()

in which

Rio1s hydrogen, Ci.galkyl, Ci.galkoxy or (Cj.galkyl)-

phenyl;

Ri1 and Ri; independently are selected from hydro-

gen, Ci.ozalkyl, Cjigalkyl)phenyl and phenyl;

R13is selected from hydrogen and Ci.galkyl;

Ri141s —CN or —C0O,R13; and

R 15 1s hydrogen or Cj-galkyl.

Preferred groups of (a) are selected from 2-tert.butyl-
phenyl; 2-phenylphenyl; 2-(1,1-dimethyl propyl)phenyl;
2-cyclohexylphenyl; 2-tert.butyl-4-methyl phenyl; 2,4-
di-tert.amyl phenyl; 2,4-di-tert.butyl phenyl; 2,4-
diphenylphenyl; 2,4-di-tert.octyl phenyl; 2-tert.butyi-4-
phenyl-phenyl; 2,4-bis(1,1-dimethylpropyl)phenyl; 2-(1-
phenyl-1-methylethyl)phenyl; 2,4-bis(1-phenyl-1-
methylethyl)phenyl; and 2,4-ditert.butyl-6-methylphe-
nyl.

Preferably Riis Ri’ where R’ has a significance of R’
independently of R'. More preferably Rii1s Ry where
R1" has a significance of R"” independently of R". Most

preferably Rjis R1’” where R’ has a significance of

R, independent of R"".

Preferably, R3 and R7 have, independently, a mono-
valent significance of R’, more preferably of R"”, most
preferably of R"”.

Preferably, Rg, independently, has a divalent signifi-
cance of R’, more preferably of R".

In formulae I and X, preferably m 1s 1.

Preferably component a) contains

a) a diphosphonate of formula I defined above (here-

inafter defined as component I);
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6

b) a monophosphonate of formula I defined above
(hereinafter defined as component 1I); and

c) a phosphonate-phosphonite of formula I in which
m=1 and p=0 (hereinafter defined as component
I

Preferably component a) contains

10-70 parts of component I;

2-30 parts of component 1I; and

5—40 parts of component I11.

Preferably the compound of formula I is a diphos-
phonate, more preferably it is tetrakis (2,4-di-tert.-buty
phenyl)-biphenylene diphosphonate. |

Preferably component €) 1s present in a composition
according to the invention and the compound (or com-
pounds if more than one 1s present) of formula X corre-
spond to the phosphonate (or phosphonates where
more than one is present) of formula I. Preferably the
components a) and e) are present 1n a ratio of 19:1 to 9:7.

For the avoidance of doubt, where a symbol appears
more than once in a formula or once in two different
formulae of a stabilising composition according to the
invention, its significances are independent unless indi-
cated to the contrary. However, where in a stabilising
composition, a symbol appears in a formula, the signifi-
cances of the symbol are preferably the same.

In a composition according to the invention prefera-
bly R has the same significance as R.

Compounds of formula I can be prepared by reacting

a) 2 moles of a compound of formula IX

R30—OH (IX)

where R3p has a monovalent significance of R; and 2
moles of a compound of formula XI

R31—OH (XI)

where R31 has a monovalent significance of R1; with 1

mole of a compound of formula XIV
ClP PCly)m (XIV)
[Y]~
where Y and n are as defined above; or
b) 1 mole of a compound of formula XII
R32(—O0H); (XII)

where R3z has a divalent significance of R; defined
above; and 2 moles of a compound of formula X de-
fined above;
with 1 mole of a compound of formula XIV as defined
above; or
c) 1 mole of a compound of formula XII defined
above; and 1 mole of a compound of formula XI1I

R33—(OH)? (XIII)

where R33 has a divalent significance of R; at an
elevated temperature (preferably 40°-140° C.);
followed by oxidising the resulting product to form
a compound of formuila I.
Further, according to the invention, there is provided
a compound of formula XV
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(XV)

(H)z2—4

[Y]n

- Dy

where n is 0 or 1; (preferably n=0)
dis 1 or 2;
pisOor I;
each R21 independently is hydrogen, Ci4alkyl (pref-
erably t.butyl or methyl) or —C(CHj3)»—CsHs;
and
each R independently has a significance of R31 inde-
pendent of R21; and Y 1s as defined above.
Further, according to the invention there is provided
a compound of the formula XVI

(XVI)

(H)2—4q

QO

where d 1s 1 or 2 and p is O or 1. Preferably d is 2.
Preferably the amount of component a) (and when

present any one of components c¢), d) and €)) in a poly-

meric composition are from 0.001 to 1%; more prefera-

10

15

20

25

30

35

bly 0.05 to 0.3% by weight based on the amount of 43

component b).

Preferably in a composition according to the inven-
tion components a) to e) are all present.

It has been found that a combination of a) and ¢) and
optionally €) in a composition according to the inven-
tion produces a synergistic effect on the stability of a
polymeric composition to which it is applied.

It has been found that properties such as stability to
light, oxygen, hydrolysis, high temperature, humidity,
ozone and smog are improved.

Component b) is preferably an a-polyolefin prepared
using catalysts of the first to fifth (I to V) Generation
hereinafter defined.

Further polymeric materials that can be stabilised by
a composition according to the invention include homo-
polymers, copolymers and polymer blends of:

Cellulose acetate; Cellulose acetatobutyrate; Cellu-
lose acetopropionate; Cresol-formaldehyde resin; Car-
boxymethylcellulose; Cellulose nitrate; Cellulose propi-
onate; Casein plastics; Casein-formaldehyde; Cellulose
triacetate; Ethyl cellulose; Epoxy resins; Methyl cellu-
lose; Melamine-formaldehyde resins; Polyamide;
Polyamideimide;  Polyacrylonitrile;  Polybutene-1;

50
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Polybutylacrylate; Polybutyleneterephthalate; Polycar-
bonate; Poly(chloro trifluoroethylene); Poly(diallylph-
thalate); Polyethylene; chlorinated Polyethylene;
Poly(etherketone); Polyetherimide; Polyethyleneoxide;
Polyethersulphone; Polyethyleneterephthalate; Poly-

tetrafluoroethylene; Phenol-formaldehyde resins; Poly-

imide; Polyisobutylene; Polyisocyanurate; Polymetha-
crylimide; Polymethylmethacrylate; Poly(4-methyl-
penten-1); Poly(a-methyl styrene); Polyoxymethylene;
Polyformaldehyde; Polyacetal; Polypropylene; Poly-
phenylene ether; Polyphenylenesulphide; Polypheny-
lenesulphone; Polystyrene; Polysulphone; Polyure-
thane; Polyvinyl acetate; Polyvinyl alcohol; Polyvinyl-
butyral; chlorinated Polyvinyl chloride; Polyvinylidene
chloride; Polyvinylidene fluoride; Polyvinylfluoride;
Polyvinylformaldehyde; Polyvinylformaldehyde;
Polyvinylcarbazol; Polyvinylpyrrolidone; Silicon poly-
mers; saturated polyester; urea-formaldehyde resins;

unsaturated polyester; polyacrylate polymethacrylate;

polyacrylamide; maleinate resins; phenohc resins; ani-
line resins; furane resins; carbamide resins; epoxide res-
ins and silicon resins.

Examples of suitable copolymers include:

Acrylonitrile/butadiene/acrylate; Acrylonitrile/-
butadiene/styrene; Acrylonitrile/methylmethacrylate;
Acrylonitrile/styrene/acrylic ester; Acrylonitrile/ethy-
lene-propylenediene/styrene; Acrylonitrile/ chlori-
nated polyethylene/styrene; Ethylene/ethylacrylate;
Ethylene methacrylic acid ester; Ethylene/propylene;
Ethylene/propylene-diene; Ethylene/vinyl acetate;
Ethylene/vinyl alcohol; Ethylene/tetrafluoroethylene:;
Tetrafluoroethylene/hexafluoropropylene;
crylate/butadiene/styrene; Melamine/phenol-for-
maldehyde; Polyester blockamide; Perfluoro-alkoxy-
alkane;  Styrene/acrylonitrile;  Styrene/butadiene;
Styrene/maleic acid anhydride; Styrene/a-methylsty-
rene; Vinylchloride/ethylene; Vinylchloride/e-
thylene/methacrylate; Vinylchloride/ethylene/vinyl
acetate; Vinylchloride/methylmethacrylate; Vinyl-
chloride/octylacrylate; Vinylchloride/vinyl acetate;
and Vinylchloride/vinylidene chloride.

Preferred polymeric materials to be stabilised are
polyolefins such as polypropylene, polyethylene (e.g.
high density polyethylene, low density polyethylene,
linear low density polyethylene or medium density

polyethylene), polybutylene, poly-4-methylpentene and

copolymers thereof.

Further additives that can be added to a stabilising or
a polymeric composition according to the invention
include antioxidants, such as sterically hindered phe-
nols, secondary aromatic amines or thioethers, such as
described in “Kunststoff-Additive”’-Gachter/Miiller,
Ed. 3, 1990 p.42-50, the contents of which are incorpo-
rated herein by reference; U.V. stabilisers such as steri-

cally hindered amines (for example N-unsubstituted,

N-alkyl or N-acyl substituted 2,2,6,6-tetra-methylpiperi-
dine compounds) [also known as hindered amine light
stabilisers-HALS] and U.V. absorbers (e.g. 2-(2'-
hydroxyphenyl)-benztriazoles, 2-hydroxybenzophe-
nones, 1,3-bis-(2'-hydroxybenzoyl-) benzene salicylates,
cinnamates and oxalic acid diamides;), U.V. quenchers
such as benzoates and substituted benzoates, antistatic
agents, flameproofing agents, softeners, nucleating
agents, metal deactivators, biocides, impact modifiers,
fillers, pigments and fungicides.

Stabilising compositions according to the invention
may be added to the polymeric material before, during

Metha- .
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or after the polymerization step and may be added in high stereoregularity of the formed polymerisation
solid or molten form, in solution preferably as a liquid product.
concentrate containing from 10 to 80% by weight of the These generations of catalysts are described in the
composition and 90 to 20% by weight of solvent or as a Twelfth Annual International Conference on Advances
solid masterbatch composition containing 10 to 80% 5 in the Stabilisation and Controlled Degradation of Poly-
(more preferably 40 to 70%) by weight of the composi- mers held in Luzern 21-23 May 1990 in an article on
tion and 90 to 20% (more preferably 60 to 30%) by pages 181 to 196 inclusive by Rolf Milhaupt entitled
weight of a solid polymeric material which is identical “New Trends in Polyolefin Catalysts and Influence on
with or compatible with the material to be stabilized. Polymer Stability.” The contents of this article is incor-

The compositions according to the invention may be 10 porated herein by reference and especially Table I on
incorporated by known methods into the polymeric page 184 describing the Generation of Catalysts:

TABLE 1
_Polyolefin Catalyst Evolution
Cat. Act. Stereoreg.
Generation Example (gPP/gT1 hatm) 9% Act. T1 (% hept. ins.) Process Technology
1. TiCly/AlR; 40 0.01 45% removal of cat. residues
and atactic PP
T1Cl3/AlEtCl 30 0.1 92% removal of catalyst
residues
I Mg(OEty)/TiCly/AlIR3 40000 50% no removal of cat. residues
S102/CpaCr 40000 HDPE (mainly HDPE/LLDPE)
IIT Mod. TiClscat. 5000 1 95% no purification
MgCly/TiCls/AlE; 40000 10 92%
-ester donor
IV MgClhy/TiCLy/AlR3 40000 18 99% no purification
-silane donor no extrusion
V  Bis-idenyl-TiR» on 40000 100 99% novel PPs, narrow MWD
(AICH30),

material 10 be stabilized. Of particular importance is
blending of the compounds with thermoplastic poly-

mers in the melt, for example in a melt blender or during 30  in which R is an organo group; HDPE is high density

the formation of shaped articles, including foils, tubes, polyethylene, LLDPE is linear low density poly-

fibres and foams by extrusion, injection moulding, blow ethylene, Cp is cyclopentadienyl, Et is ethyl, PP is

moulding, spinning or wire coating. The compositions polypropylene, MWD is molecular weight distri-

according to the invention are particularly useful for bution and x is an integer above 2.

polypropylene articles, manufactured by injection 35 Further according to the invention there is provided

moulding. a composition having improved weatherability proper-
Further, in this specification, where a range is given, ties and good stability comprising

the figures defining the range are included therein. Any a) tetrakis (2,4-di-tert-butyl phenyl)-biphenylene di-

group capable of being linear or branched is linear or phosphonite and/or a phosphite of Formula II and

branched unless mndicated to the contrary. 40 b) a polyolefin resin which has been produced in the
For the avoidance of doubt, in this specification t- presence of a Generation V catalyst, preferably bis

butyl means tertiary butyl, (—C(CH3)3). indenyl organo titanium compounds supported on
Further according to the invention there is provided alumoxane or biscyclpentadienyl titanium halide

a compound of formula I in which m is 1 and p is O. activated by aluminum alkyl compound as herein-
Preferred polyolefins are a-polyolefins prepared by 45 above defined.

using catalysts of the third to the fifth (III to V) Genera- Preferably such a composition also mcludes

tions in a polymerisation process, in which a catalyst c) tetrakis (2,4-di-tert-butyl-phenyl)-biphenylene

removal step is not necessary, indeed the catalyst is phosphonite-phosphonate and tetrakis(2,4-di-tert-

preferably not removed. butyl-phenyl)-biphenylene diphosphonate.

What we mean by Generation I catalysts are the 50  Further according to the invention there is provided

classic Ziegler-Natta systems, based on titanium halide a composition having improved weatherability proper-
catalysts and an organo aluminium compound or an ties and good stability comprising

organo aluminium halide. a) tetrakis (2,4-di-tert.-butyl phenyl)-biphenylene di-
What we mean by Generation Il catalysts are Gener- phosphonite and/or a phosphite of Formula 1I and
ation I catalysts supported on an organo magnesium 55 b) a polyolefin resin which has been produced in the
compound or based on an organo chromium compound presence of a Generation IV catalyst, preferably a
supported on Si10s. Ziegler type complex catalyst supported on a halo-
What we mean by a Generation III catalyst is a Zieg- gen containing magnesium compound with one or
ler type complex catalyst supported on a halogen con- more additional electron donors, preferably a tri-
taining magnesium compound. 60 salkoxy silane.
What we mean by a Generation IV catalyst is a Gen- Preferably such a composition also includes
eration 111 catalyst with additional electron donors, e.g. c) tetrakis (2,4-di-tert-butyl-phenyl)-biphenylene
trisalkoxy silanes. phosphonite-phosphonate and tetrakis(2,4-di-tert-
What we mean by Generation V catalysts are bis butyl-phenyl)-biphenylene diphosphonate.

indenyl organo titanium compounds supported on alu- 65  Phosphonites (especially tetrakis (2,4-di-tert.-butyl
moxane or biscyclopentadienyl titanium halides acti- phenyl)-biphenylene diphosphonite) will be useful as
vated by aluminium alkyl compound or any similar processing stabilisers and for improving weatherability
systems, combining high catalyst activity and leading to of any a-polyolefins manufactured by a catalyst of still
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more enhanced acitivity and/or resulting in a polymer
of stereoregularity due to their known properties during
polymer processing.

Phosphonates (especially tetrakis (2,4-di-tert.-butyl
phenyl)-biphenylene diphosphonates) and/or phos-
phonates-phosphonites (e.g. tetrakis(2,4-tert-butyl-
phenyl)biphenylene-4-phosphonite-4’-phosphonate)
and/or mixtures thereof which are applied in a-polyole-
fins will be useful to impmve weatherability of any
a—polyoleﬁn made by using future generatlons of poly- 10
mer processing catalysts.

Mixtures of the diphosphonites and/or diphosphon-
ates and/or phosphonite/phosphonates with the corre-
sponding monophosphonites and/or monophosphon-
ates respectively will also be suitable for stabilising
a-polyolefins made by using future generations of pro-
cessing catalysts and/or for improving weatherability
of the resultant polymers.

The invention will now be illustrated by the follow-
ing Example in which all parts and percentages are by
weight and all temperatures are in °C. unless indicated
to the contrary.

EXAMPLE
Polypropylene compositions are prepared as follows:

Parts by weight _
Component A B C D E F
Polypropylene 100 100 100 100 100 100
Antioxidant 0.1 0.1 0.1 0.1 0.1 0.1
Processing Stabiliser — — 0.1 0.1 —_ 0.1
Compound of formulala — 0.1 — 0.1 — —
Compound of formulaIb — — - — 0.1 0.1

Polypropylene used is Hostalen PPN 0160-F

The antioxidant used is tetrakis|methylene-3(3’,5'-di-
tert.butyl-4’-hydroxy-phenyl)propionate]methane com-
mercially available as Irganox 1010;

The compound of formula Ia is tetrakis (2,4-di-tert.-
butyl phenyl)-biphenylene diphosphonate |

The compound of formula Ib is bis(2,4-ditert.butyl-
phenyl)biphenylene phosphonate; and

The processing stabiliser is tris(2,4 di tert.butyl phe-
nyl)phosphite (commercially available as Irgafos 168).

The polypropylene is processed by Gottfert extruder
having a 20 mm screw (compression 1:3, diameter to
length [d:1:20) at 250° C. This was worked into plaques
as follows:

The resultant polymer is formed into sheets 0.5 mm
thick by means of high pressure moulding under the
following conditions.

preheating: 230° C., low pressure, 3 minutes
heating: 230° C., 80-100 kg/cm?, 2 minutes
cooling: 30° C., 150 kg/cm?, 2 minutes.

From the resulting sheets, 3 test pieces are cut out for
each test run. These test pieces are placed in an Atlas
Weatherometer (WOM Ci65 using a Xenon high pres-
sure burner and treated under the conditions of rainfall
of 18 min. per 2 hours to determine the time required for
cracks to appear on the test pieces.

What 1s claimed is:

1. A polymeric material composition comprising:

a diphosphonate of formula I in which m=1 and

p=1;
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a monophosphonate of formula I in which m=0 and

p=1; and
a phOSphonate-phosphomte of formula I in which
m=:1 and p=0 in which formula I has the struc-
ture:

R—0O (O
\(u)*" |

in which
each R, independently, is a monovalent significance
of R, a group derived from an aliphatic, alicyclic or

[1]
0"'"R1

0—R1

aromatic alcohol containing one or two —OH

groups; whereby the two —OH groups are not
positioned to be able to form a P-containing ring;

or a divalent significance of R, where both groups R
form a group derived from an alphatic, alicyclic or
aromatic alcohol containing two OH groups in
such a position that they can form a cyclic group
with a single phosphorus atom;

each R; independently, is a monovalent significance
of Ry, a group derived from an aliphatic, alicyclic
or aromatic alcohol containing one or two OH
groups; whereby the two —OH groups are not
positioned to be able to form a P-containing ring;

or a divalent significance of Rj, where both groups
R form a group derived from an aliphatic, alicyc-
lic or aromaic alcohol containing two OH groups
in such a position that they can form a cyclic group
with a single phosphorous atom:;

nis 0 or I; |

Y 18 —O—, —S—, —C(R5)— or —CgHyg—;

where Rs1s hydrogen or Cj.galkyl or COORg and Rg1s
Ci-galkyl.

2. A composttion according to claim 1 in which R is

R’, a monovalent significance of R, where R’ is an alkyl,
aralkyl, aryl, alkaryl aminoalkyl or aminoaryl group; or
R’ is a divalent significance of R’, a formula a

©

where phenyl groups A and B may be further substi-
tuted and Y 18 —O—, —S—or —CH(Rs5)— where Rsis
hydrogen or Cj._galkyl or COORg where Rgis Cj-galkyl.

3. A composition according to claim 2 in which R is
R" where R" is selected from Ci.22alkyl; phenyl, unsub-
stituted or substituted by 1 to 3 groups selected from
Ci22alkyl, Cy.22alkoxy, —CH>—CgHs; —CgHss, 2,2,6,6-
tetramethyl-piperidin-4-yl, —C(CH3),—C¢Hs, —OH,
-(Ci.¢alkyl)phenyl, —C0O7-Cq.22alkyl, —CH,) -

[a]

H>—COOR 5, CN, and —CH;—S-Cj.palkyl:orR"isa

group of any one of formulae i to vii

i
Ri7 Rig @)
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13 14
-continued
tbutyl (i) (vii)
Ris n Ris
5
CHjy OH
CHj3
t.butyl K15 Ris
CHj> 10
t.butyl where R s is hydrogen or Ci.pzalkyl;
CH; Y 1s O, —S— or —CH(R5)—;
CH; OH Ri1g 1s hydrogen, Ci.pzalkyl, Ci.pzalkoxy, —CH-
s »—C¢Hs, —C(CH3),—Cg¢Hs, —CgHs, —OH,
t butyl —CH,CH2COOR 15, -(Ci-galkyl)phenyl, —CO»-
Cioalkyl, —CN, —CH>CH»—COOR 5, —CH-
(iii) —S-Ci.aralkyl, or 2,2,6,6,-tetramethylpiperiinyl-4-
50 : and

R4 1s hydrogen, Ci.pz2alkyl, OH or Cji.pzalkoxy.
4. A composition according to claim 3 in which R is
R"" where R"” is selected from a group of formulae a) to

75 g)
(a)
Ri2 Rt
30
(v)
Rio
35 (b)
@C(CH3)3
40

CH,CH,COOR 13
v)

(c)
45 | : : l
‘i"|3 ' Ri3
O
(v1) 50

d)
55 Ri3 Ri3
(vi1)

60

C(CH3)3 R R )
| 13 13
65

or both groups R” form a group of formula viii Ri3
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15 16
) ?
S (Ho)na"'RB""O_I;:FO)n
O
N\
Rj
10 in which
n s 0 or 1;
na is 0 or 1;
R11s as defined in claim 1 and
R3 1s 2 monovalent significance of R as defined in
15 claim 1; and;
() a compound of formula IV or V
R7(OH) [IV]
20 Rg(OH)2 [V]
wherein in formula IV, R7is a monovalent signficance
of R as defined in claim 1, and in formula V, Rgis a
divalent signficance of R as defined in claim 1; and;
»5 2 phosphonite of formula X

in which

Rio1s hydrogen, Cj-galkyl, Ci_galkoxy or (Ci.galkyl)-

phenyl:

Ri1 and R independently are selected from hydro-

gen, Cjpzalkyl, Cj_galkyl)phenyl and phenyl;

R13 1s selected from hydrogen and Cj.galkyi;

Ris1s —CN or —COsR;s.

3. A composition according to claim 1 in which the
relative weight ratios per 100 parts of the diphosphon-
ate, monophosphonate and phosphonate-phosphonite
are:

10-70 parts of the diphosphonate;

2-30 parts of the monophosphonate; and

5-40 parts of the phosphonate-phosphonite.

6. A composition according to claim 1 in which the
total amount of diphosphonate, monophosphonate and
phosphonate-phosphonite present is 0.001 to 2% and
the amount of the polymeric material present is
99.999-98% based on the combined weight of the di-
phosphonate, monophosphonate, phosphonate-phos-

phonite and the polymeric material.
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7. A composition according to claim 1 additionally

containing one or more of the following optional com-

ponents:

a compound according to formula II:

R—0O O—Kki
N\ /
P P
/ \

in which R, Rj, Y and n are as defined in claim 1.

8. A composition according to claim 7 in which the
combined amount of the diphosphonate, monophos-
phonate and phosphonate-phosphonite, and optionally,
the compound of formula II, phenol according to for-
mula IV, phenol according to formula V and phospho-
nite according to formula X, based on 100 parts of the
polymeric material 1s 0.001 to 2 parts.

9. A composition according to claim 1 in which the
polymeric material 1s an a-polyolefin prepared by using
catalysts of the third to the fifth (III to IV) Generations
in the polymerization process in which the catalyst is
not removed;

Generation III catalysts being Ziegler type complex
catalysts supported on a halogen containing mag-
nesium compound;

Generation IV catalysts being Generation III cata-
lysts with additional electron donors; and

Generation V catalysts being bis-indenyl organo tita-
nium compounds supported on alumoxane or bis-
cyclopentadienyl titamium halides activated by
aluminum alkyl compound or any similar systems,
combining high catalyst activity and leading to
high stereoregularity.

10. A composition according to claim 9 which in-

cludes: tetrakis (2,4-di-tert-butyl phenyl)-biphenylene

60 phosphonite-phosphonate, and tetrakis (2,4-di-tert-butyl

65

phenyl)-biphenylene diphosphonate.
sk
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